INTRODUCTION
This paper emanates from a comparative leaf anatomi cal survey of the genus Passerina L.. undertaken as part of a monographic study of the group. Work undertaken thus far has revealed at least four new species and four new subspecies, to be added to the 16 existing species, of which most species are endemic to southern Africa (Thoday 1924; . Despite the now outdated revision by Thoday (1924) , boundaries of infra generic taxa in Passerina remain a problem, mainly ow ing to the apparent lack of marked morphological dif ferences between the species, This paper explores the importance of leaf anatomy in Passerina as a source of potential taxonomic evidence.
Physiography and climate are important in the distri bution of Passerina (Table I) . Most species of Passerina are endemic to the Cape Floristic Region. The climate of this region is mostly Mediterranean or semi-Mediterra nean. Winter rainfall occurs in the west and along the south coast, complemented by some summer rain, which increases eastwards. The western Karoo and Nama qualand (Succulent Karoo Biome) are characterized by winter precipitation and summer drought. Only two species, P. sp, nov. 4 and P. montana are distributed to the east and north along the eastern mountains and east ern escarpment of southern Africa, areas that receive pre dominantly summer rainfall.
Anatomical research in Passerina was initiated by Pick (1882a, b) , who studied the effect of light on the ori entation of assimilation tissue and discussed the inverse dorsi ventral leaf. Gilg (1891) published a taxonomic account on the Thymelaeaceae, indicating that the anatomical structure of stems was similar throughout the family and subsequently of no taxonomic value; he fol lowed Endlicher (1847) in distinguishing the subtribe Passerininae on the basis of floral morphology. Van Tieghem (1893) described the anatomy of the root, stem and leaf for all the genera of the ThymeJaeaceae known 67 
Rocky crevices on mountain tops and slopes
On rocky slopes, on mountain passes, roadsides and in flaner field areas
In rocky places and rock sheets, also in valleys along streams
In rocky places and rock sheets, also in valleys along streams, altitude ± 1 200 m
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Pioneer and sand binder on primary dunes and rocky crevices, common along most of coast
In rocky places on mountain slopes and valleys. pioneer in disturbed places, along rouds, even on secondary dunes on coasl at the time and classified the family into three groups, namely Drapetees, Thymelees and Aquilariees, with
Passerina in the Thymelees. In his key, the genera Lachnaea L., Cryptadenia Meisn., Gnidia L. and Chymococca Meisn. are grouped on the basis of gela tinized epidermal cells, whereas Passerina is distin guished by the absence of these cells. Subsequent work by Bredenkamp & Van Wyk (1999, 2(00) has shown the presence of these cells in Passerina. Supprian (1894) studied the stem and leaf anatomy of the Thymelaeaceae, describing the epidermis ('Hautsystem'), the mechanical system ('Mechanisches system'), the assimilation system (' Assimilationsystem' ), the vascular structure ('Leitungs system'), the aeration system ('Durchli.ifdtungssystem') and excretion management ('ExcretbehaIter') for all the 68 known genera. He classified the famil y into the subfam ilies Aquilarioideae and Daphnoideae and placed Passerina into the latter, under the tribe Euthy meleae. Gilg (\894) studied the relationships in the Thyme Iaeaceae, using mainly fl oral anatomy, and classified the family into the subfamilies Aquilarioideae, Phaleri oideae, Thymelaeoideae and Drapetoideae. Passerina is classified in the subfamily Thymelaeoideae , tribe Daph neae, subtribe Passerininae. In the same article, he gave a full account of the anatomical method applied by Van Tieghem (1893) and Supprian (1894 ) . concluding that many of the characters used by them were not constant, that there would alway,~ be criticism against the anatomi cal method and that floral characters were more reliable in the delineation of the Thymelaeaceae. Solereder (1899 Solereder ( , 1908 summarized the anatomical work on the Thymelaeaceae up to the beginning of the twentieth century. The most prominent subsequent anatomical study in the Thymelaeaceae was done by Leandri (1930) , who delimited the Thymelaeoideae on the basis of inlraxylary phloem in the stem. He classified Passerina in the tribe Daphneae, and because of the absence of floral nectaries, into the subtribe 'Passe riniinae ' , thus combining anatomical and floral charac ters. Hereafter the most signjficant works on the Thymelaeaceae comprised the compilation of aU the available knowledge. Domke (1934) proposed a widely adopted classification system for the family based on previous anatomical and floral morphological evidence, class ifying Passerina under the subfamily Thyme laeoideae, tribe Gnidieae and subtribe Passerininae. Finally Metcalfe & Chalk (1950) and Metcalfe (1979, J983) published accounts of the Thymelaeaceae in their stand ard works on the anatomy of the dicotyledons.
With the genera in Thymelaeaceae delineated on the basis of anatomy and floral morphology, the focus changed to generic revisions. Anatomical work on Passerino was done by Thoday (1921) , who described the structure and behaviour of the ericoid leaves of P. fil iformis L. and P cr falcifolia C. H .Wright under drought conditions and supplied some notes on their anatomy. Kugler (1 928) described the inverse-dorsiventral leaves of Pfiliformis (= P peetinola Hort.) . Recent comparative studies on Thymelaeaceae in southern Africa include those on leaf anatomy of the genera Lachnaea and Crypradenia and on leaf and involucral bract morphology of system atic use in Gn idia (Beau mont et al. 1994) . Previous stud ies of leaf anatomy identified mucilagination of the epi dermal cells ac; being of possible taxonomic importance. Recently Bredenkamp & Van Wyk (1999) clarified the structure of these epidermal cells and the origin of the mucilage, indicati ng that th is character is of taxonomic importance mainly at the fami ly level. The present com parative anatomical study of the leaves in Passerina is the most comprehensive to date. Our primary objective has been to assess the infrageneric taxonomic signifi cance of leaf anatomy in the genus.
The most outstanding anatomical feature of the Thymelaeaceae, namely the presence of sc!erenchyma fi bres, may well be an adaptation of members of the fam ily to their environments. However, sclerenchyma fibres in the leaves of Passerina have never been studied at infra generic level before, and this study meets that need. The presence of tough sclerenchyma fibres in the stems of Passerina, is well known among indigenous people, who use especially the bark for making ropes, straps and whips.
The wide distribution of Passerina in the Cape Floristic Region, the southern and eastern coastline of South Africa and along the eastern escarpment of south ern Africa to Zimbabwe, and with outliers as far north as Tanzania, provides an opportunity to study the possible leaf anatomical adaptations of these plants to a wide range of habitats, experiencing both Mediterranean and summer rainfall conditions. For example, we suspect the decreasing rainfall from the eastern escarpment to the northwestern parts of the Northern C ape to be refl ected by adaptations in the leaf structure of the group. The pre sent paper provides a description of anatomical charac ters in Passerina as well as an assessment of their taxo nomic and ecological significance.
MATERIAL AND METHODS
Leaves, both fresh and from herbarium material, of all infrageneric taxa in Pas serino were studied. Additional Passerina specimens examined since Bredenkamp & Van Wyk (2000: 70) are listed in Table 2 . Leaves from herbarium material were rehydrated in water for 5 min utes at boiling point. All leaf material was fixed and stored in a 0 .1 M phosphate-buffered so lution at pH 7.4, containing 2.5% formaldehyde, 0 . 1 % glutaraldehyde and 0.5% caffeine [modified Karnovsky fixative; Karnovsky (1965) ). Whenever possible, material from at lea,)t five different localities was included.
Light microscope (LM) studies
The light microscope was used for general leaf anato my and epidermal studies. Unless otherwise stated, the tenth leaf from the growing point of a twig was used in all comparative studies. To prepare sem i-thin transverse sections, a 1 mm wide segment of leaf material was cut from the centre of each leaf, thus incl uding the main vein as well as both leaf margins. Samples were dehydrated, embedded in glycol methacrylate (GMA) and sectioned according to the methods of Feder & O 'Brien (1968) . Sections were stained in toluidine bl ue '0' , subjected to the periodic acid-Schiff 's (PAS) reaction and mounted in Entellan (Art. 7961, E. Merck, Darmstadt) .
The following three methods were followed in the study of the cuticles (Bredenkamp & Van Wyk 2(00):
I. GMA sections of leaves in transverse section were stained with I % Sudan Black B dissolved in 70% ethanoL 2. Macerated cuticular mounts were stained with a 1% aqueous safranin sol ution. 3 . Epidermal mounts, obtained by removing small pieces of ad-and abaxial epidermis manually and by making paradermal hand sections, were stained with 1% safranin dissolved in 50% ethano l.
Scanning electron microscope (SEM) studies
The scanning electron microscope was used to study the epidermal surface features (including epicuticular waxes) and to verify the structure of the cutic le (Bre denkamp & Van Wyk 2000).
Transmission eclectron microscope (TEM) studies
The transmission electron microscope was used for the study of the structure of mucilaginous epidermal cell walls in Passerina (Bredenkamp & Van Wyk 1999) .
Measurements of leaf In transverse section (tis)
Using LM, all measurements were done by using a calibrated eyepiece. 
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Thickness of the main vascular bundle
The shortest distance between the outermost points of the ad-and abaxial epidennis through the main vascular bundle, was measured.
Leaf width
Measurements from leaf margin to leaf margin would be unreliable considering tbe cymbiform sbape of the leaf, the involute nature of the leaf margins, and the fact that leaf margins correspond to changes in turgor pres sure. Leaf width was therefore measured as the shortest distance between the outer epidermal walls of the abaxi al epidermis, parallel to the adaxial epidennis, but per pendicular to the axis of the main vascular bundle.
Terminology
Epidermal structure Epidermal structure was described by Bredenkamp & Van Wyk (1999 , 2000 .
Cuticle
Following l effree (1986), we distinguish the cuticle proper, the cuticular layer and the cell walL
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Cuticular ornamentation (LM and SEM)
We follow Wilkinson (1979) in our choice of termi nology.
Epicuticular wax
The recognition of soft waxes is based on the criteria proposed by AmeJunxen et al. (] 967 ). Further interpreta tion of epicuticular waxes and crystals was done accord ing to Wilkinson (1979) and BartWott et al . (1998 ) .
Leaf anatomy
The definitions of dorsi ventral and isobi lateral leaves (Eseau 1965; Metcalfe 1979; Fahn 1982; Mauseth 1988) are accepted in the present study. However, we follow Kugler (1928) who coined the term 'inverse-dorsiven tral' for leaves where the palisade parenchyma develops abaxialJy, because the abaxial epidermis is exposed to the environment. In addition to leaf symmetry, the works of the above-mentioned authors as well as those of Sole reder (1908) and M etcalfe & Chalk (1 950) have been used for the interpretation of leaf anatomy.
Crystals
Crystals were interpreted according to Metcalfe (1983) . Unstained GMA sections of leaves were used to identify the presence and position of crystals by means of polarized light, after which they were tested for the pres ence of flavonoid glycosides, such as diosmin. according to the method of Jackson & Snowdon (1990) . The iden tity of the crystals was fmally confirmed using energy dispersive spectrometry (EDS).
Phylogeny
Speculations on phylogeny are based on the prevail ing family characters representing the ancestral state and derived characters at genus and species levels considered as possibly advanced. A cladistic analysis based on anatomical and morphological characters in Passerina is scheduled for the fi nal stages of the study.
RESULTS
Macromorphology of leaf
Leaf arrangement decussate, sometimes imbricate, closely adpressed to stem or spreading at an angle of 5°_20°(-60°); spreading of leaves often prominent in juvenile plant'>. lAmina inversely ericoid; adaxial surface concave. villous, often forming a groove facing the stem; sparsely hairy; cuticular membrane well developed, abaxial surface convex, orientated more or less acroscop ically, thus exposing a large surface area to the environ ment; cuticle often amber-coloured (in herbarium materi al) and outline of epidermal cells often macroscopically plane shape linear. oblong. lanceolate, or narrowly trul visible. Leaf shape cymbifonn. falcate or cigar-shaped; discussed by Bredenkamp & Van Wyk (2000) , and cor late. Leaf base sessile or cuneate. Leaf apex truncate and hump-backed, obtuse, rounded, acuminate or acute to al most spine-tipped. Margins sometimes ciliate. Size (1.5-) 2.5-4.0(-8) X (0.8-)1.2-2.0(-3.0) mm. Figure I .
Leaf anatomy
Trichomes
Adaxial surface of leaf villous, with uniseriate tri chomes forming a felty layer over adaxial epidennis; tri chomes bordering leaf margin often conspicuous. Abaxial surface of leaves mostly glabrous, young leaves tomentose to sparsely hairy in a few species (Table 3 ; Figure 2A ). Figure 2B-D) . Anatomical structure and taxonomic value of abaxial epidermis are related with leaf structural types in Table 3 . 
Epidermis
: . .
-Camera lucida drawings of leaves of Passerillo species arran ged according to leaf slrUcrural rype (Table 3) . cOITclating leaf shape [() outline of leaves in Us: A. P. sp. nov. I, Bredenlwmp 1044; B, P. hurchellii. Bolus 684; C, P. pendula, lJredellkamp 90B; D. P. ('(lIlIO .\'({, Andreae 1288; E, P. paludosa. B1l!denlUlmp P. oblllsijolia, Bredenlwmp 919; N, P. glomerata subsp. glomerata, Bredel1kamp 984; 0, P. jalcijolia, Bredenkamp 917; P, P. sp. nov. 4, Bredenlwmp 1016: Q, P. "umlana, Bredenkamp 889; R, P. paleacca , Bredenkal1lp 960: S, P. rigida, Bredenk(lll1jl 911; T, P. vulgaris, Bredenkamp 901 . Leaf size A-T x 20. Scale bar: 10 mm ; leaves in Us not to scale.
Tannin!ferous substances Crystals
Tanniniferous substances ( Figure 2C , D) present in Calcium oxalate crystaJs ( Figure 2E , F) present in mes Figure 2G) ; terminal vein endings often present, ultimately consisting of a single tracheid ( Figure 2H ). Width (570-)880(-1480) 11m. Midrib often raised below owing to supporting sc1erenchyma fibres, cymbiform leaf folding along reinforced midrib; thick ness of main vein (260-)440(-560) flm. Mesophyll pal isade-like and homogeneous or inverted-spongy parenchyma situated adaxially and palisade parenchyma abaxially. Palisade parenchyma horseshoe-, U-or V shaped, 1-or 2-layered, or 2-or 3-layered, (3)4 or 5(6) cells per 50 11m; cells narrowly elliptic to elliptic in iso bilateral leaves or elongated in inverse-dorsi ventral leaves, containing chloroplasts, tanniniferous deposits and druse crystals. Spongy parenchyma in isobilateral leaves ± uniform in shape, cells narrowly elliptic to elliptic, densely arranged with larger intercellular spaces in centre of leaf, aerenchymatic, meso-or xero morphic in inverse-dorsi ventral leaves, often resem bling palisade parenchyma adaxial to veins, rounded, pentagonal or heptagonal with lobes connecting neigh bouring cells; cells either loosely arranged with large intercellular spaces or densely arranged with small, 75 obovate. Bundle sheath completely enveloping vascular bundle ( Figure 3A-H 
Leaf structural types
The isobilateral and inverse-dorsi ventral states of the leaf dictate the orientation of the main vascular bundle. The main vascular bundle is central in isobilat eral leaves ( Figure 3A) . and either close to the adaxial epidermis. situated oentrally, or variously arranged in relation to the abaxial epidermis in inverse-dorsiven tral leaves ( Figure 5 ). In this transformation series, fo lll' leaf structlll'al types and ten states are identified (Tables 3; 4 P. vulgaris (Figure 4F) Intermediate states, with main vascular bundle orien tated in more than one position in relation to the ad-and abaxial epidermis and mesophyll, were recorded in P. glomerata subsp. glomerata , P. obtusifolia, P. montana, P. paleacea and P. rigida . All states were accounted for in Tables 3 and 4 , as well as in the construction of keys.
Comparative leaf anatomy at infrageneric level
In order to facilitate the interpretation of existing data for all infrageneric taxa, data are summarized in Tables 3   and 4. DIS CUSSION AND ADDITIONAL OBSERVATIONS Leaf structure
Prevailing characters in Thymelaeaceae
Leaf structure in Thymelaeaceae exhibits a transfor mation series from mainly dorsiventral. the prevailing state in the family, to isobilateral or centric in Diarthron Turcz., Pimelea Banks & Sol. and Thymelaea Juss. (Leandri 1930; Metcalfe & Chalk 1950) , al1 these states being present in Lachnaea and Cryptadenia and the inverse-dor siventraJ state prominent in Passerina. Thoday (1921) Most species of Passerina are adapted to the dry, wann summers and humid winters of the winter rainfall area of the Cape Floristic Region, olhers survive in the arid conditions of the Karoo, some grow in a range of habitats along the eastern escarpment and some are adapted to maritime conditions along the southern African coast (Table 1) . What appears to be adaptations to these varying environments are reflected in the leaf structure of the various species. Weigljn & Winter (1991) , studying the morphological-anatomical features of perennial halophytes, pointed out the importance of curvature of outer epidermal cell walls, epicuticular waxes, mesophyll orientation, enrolled leaves and forti fication of tissue--characters present in most Passerina species. Other important leaf adaptations in Passerina are the decussate and appressed arrangement. the cymb iform shape and the inverted palisade parenchyma. developing on th at side of the leaf which is exposed to the highest light intensity. Structural support is ren dered by the presence of scIerenchyma in the main and secondary vascular bundles and in some Western Cape species these fibres proliferate beyond the vascular bun'dle sheath to join with hypodennal fibres. forming a sclerenchymatous hypodermal sheath. The impor tance of many of these characters is further discussed below.
Epidermal tissue
Prevailing characters in Thymelaeaceae
According to Metcalfe & Chalk (1950) the cuticular membrane (CM) of the leaf is usually smooth . Epi dermal cells are arched outwards in Linostoma Wall. ex End!. and papillose on the lower surface in species of Daphne L.
Speculations on functions and ecological aspects of the leaf epidermis in Passerina have been dealt with by Bredenkamp & Van Wyk (1999, 2(00) . Leaf arrange ment in Passerina causes the abaxial epidermis to be largely exposed to the atmosphere, resulting in epider mal characters being more affected by environmental change. However, the arrangement of the epidermal cells and the ornamentation of the cuticular membrane (CM) correlate well with leaf structural type (Table 3) . Species with epidermal cells arranged randomly and with smooth or papillate cuticular ornamentation, all have leaf structural type B. With the exception of P. montana (type Dl ) with epidermal cells arranged in rows and smooth or papillate cutic ular ornamentation, structural types C and D correlate with epidermal cells arranged in rows with striate cuticular ornamentation. Finally, structural type D is also characterized by a well-developed sclerenchymatous hypodermal sheath (Table 4) . possibly representing the more advanced state.
MesophyD
Prevailing characters in Thymelaeaceae
Palisade cells are generally short. Mesophyll. includ ing irregular sclerenchymatous fibres, is found in species of Daphne L., Daphnopsis C.Mart., Enkleia Griff., Gyrinops Gaertn., Peddiea Harv. and Stephanodaphne Baill. (Metcalfe & Chalk 1950) .
In the isobilateral leaf of P. sp. nov. 1, mesophy\l is palisade-like and homogeneous. All other species of Passerina display the possibly more advanced state in which the mesophyll is inverted, with elongated, abaxial palisade parenchyma and adaxial spongy parenchyma. The orientation of the mesophyU in rel ation to leaf shape, sclerenchyma and vascular tissue (Table 4) , forms the basis of various leaf structural types distinguished in this study. The palisade parenchyma is horseshoe-shaped in all species with narrowly transversely elliptic. cordiform or canaliculate leaves in tis and with leaf structural type B ( Figure 3B -H). In P. paleacea, the leaf is transversely oblong in tis and the palisade parenchyma is U-shaped (Figures I R; 4D). Palisade parenchyma is V-shaped ( Figure 4A , B, F) in species with structural types C and D, in which the leaves are typically carinate in tis. In the most xeromorpic state, sclerenchyma extends through the V-shaped palisade parenchyma, joining other hypo dermal fibres to form a sclerenchymatous hypodermal sheath ( Figure 4F ). Irregular sclerenchymatous fibres are absent in the mesophyll of leaves in Passerin<1.
The mesophyll of the leaf is seemingly adapted to sur vive arid conditions and high light intensity, thus becom ing xeromorphic in most spec ies. This is reflected by the palisade parenchyma which usually occurs in 1-3 layers, qui te densely arranged with 3-6 cell s per 50 ~m . Palisade cells contain large numbers of chloroplasts, ample amounts of tanniniferous substances and crystals of calcium oxalate. In contrast, the spongy parenchyma is usually adaxially arranged and aerenchymatous in most species, corresponding to the epistomatic state of the leaves. With spongy parenchyma around the stomata. molecules of carbon dioxide would penetrate deep into the leaf and the large intercellular spaces of aerenchyma surrounding the vascular bundles would possibly have a moist atmosphere critical to physiological processes such as photosynthesis, respiration and transpiration. 
Ecological significance
The xeromorphic character of the mesophyll can be expressed in tenns of the number of cell layers and the density (reflected by the number of cells per 50 IJm) of the palisade parenchyma as well as the appearance of the spongy parenchyma (Table 4) . Possible adaptation to physiological drought is shown by the homogeneous and palisade-like mesophyll of P. sp. nov. I, which grows on the high mountains of the Karoo, where it is often cov ered by snow in winter. Among the remainder of the species, the most xeromorphic state is found in P . glom erata subsp. glomerata ( Figure 3F ), P. obtusifolia ( Figure 3G ) and P. comosa , all growing in the NW parts of Western Cape; their leaves have (1 )2 or 3 layers of cells in the palisade parenChyma, a density of 4 or 5 cells per 50 ,..m and the spongy parenchyma is densely arranged. The mesophylJ of P. ericoides ( Figure 3D ), P. paleacea ( Figure 4D ) and P . rigida (Figures 3H; 4E) can also be considered xeromorphic, po ssib ly in response to the effect of salt spray, as these species grow on the sea shore. A xeromorphic mesophyll is also indi cated for P. montana ( Figure 4C ), which occupies a wide range of habitats along the eastern escarpment. On the other hand, P. paludosa ( Figure 3C ), a rare species from marshy areas in the Cape Peninsula, has an inverse dor siventral leaf with one layer of palisade parenchyma, a density of 3 or 4 cells per 50 IJ m and a large aerenchy matic spongy parenchyma., corresponding to the general trend towards aerenchymatic tissue in marsh plants.
Leaf structural types: orientation and structure of main vascular bundle in relation to epidermis and mesopbyU
Prevailing characters of vascuLar bundles in Thymelaeaceae
In Thymelaeaceae, large portions of vascular bundles are often occupied by sclerenchyma and surrounded by a sheath of parenchymatous cells containing tannin (Van Tieghem 1893; Gilg 1894; Supprian ]894; Metcalfe & Chalk ]950). Both these characters are present in Passerina. Intraxylary phloem in the petiole and midrib was recorded by Leandri (1930) and cited by Domke (1934) for many genera, excluding Passerina (= Chymococca). The lack of intraxy lary phloem in leaves of Passerina was confinned by the present study (fables 3; 4; Figure 5 ).
Xeromorphic gradient
The progressive change in orientation of the main vascular bundle in relation to the mesophyll shows a xeromorphic gradient ( Figure 5 ). Leaf structural type A was defined on the basis of the isobilateral leaf, which is probably an ancestral state. The xeromorphic character of the leaf is strongly supported by the associated homogenous mesophyll and central vascular system. The leaves are inverse-dorsiventral in all other structural types. A xeromorphic gradient is clearly expressed in leaf structural type B. In types B I and B2 the mesophyll is aerenchymatic and the main vasular bundle adaxially or centrally arranged. An increase in the de nsity, the num ber of cells and layers and specialization of tissues takes place in types B3 and B4, with B5 and B6 representing the most xeromorphic forms. A similar increase in xero morphism can be shown in structural types C and D 1 and D2, with the abaxial arrangement of the main vascular bundle, the increase in sclerenchyma tissue and the ulti mate formation of the sclerenchymatous hypodermal sheath, in type D2, as ·the most xeromorphic state.
Ecological significance
Replacement of the main vascular bundle from the ad to the abaxial position with the sequential increase in xeromorphism suggests an adaptive strategy ( Figure 5) . In type B the main vascular bundle is close to the adaxial epidennis and stomata, possibly enhancing transpiration. It is furthennore completely surrounded by aerenchyma. Vascular tissue in close contact with aerenchyma provides water, causing a moist atmosphere and a high water potential in the large intercellular spaces. Inorganic and organic substances are transported by the xylem and phloem for various pbysiological processes taking place in the mesophyll of the leaf. The more xeromorphic arrangement mechanically strengthens the leaf, allows enough moisture for photosynthesis and respiration, but possibly retards loss of water through transpiration. Increasing xeromorphism is illustrated by the vascular bundle becoming abaxially orientated and fmally by scle renchyma tissue of the vascu1ar bundle abaxially project ing beyond the vascular bundle sheath and reaching up to the abaxial epidermis, leaving only the adaxial part of the vascular bundle in contact with aerenchyma. Vascular tis sue, providing moisture for the critical physiological processes, is thus separated from aerenchyma by one or two layers of the parenchymatous bundle sheath cap. These adaptations, associated with geographical distribu tion (Table I) , can clearly be illustrated at species level and for all the leaf structural types.
Type A: the main and secondary vascular bundles are closely arranged with bundle sheaths adhering, fonning a central plate of veins surrounded by two or three layers of palisade-like mesophyll, possibly acting as a protec tive sheath against the minimum temperatures, which are often below freezing point in the habitat of P. sp. nov. I (Table 1; Figure 3A ).
Type B I: P. burchellii and P . pendula ( Figure 3B ) are both mountainous species often surrounded by mist The main vascular bundle is more or less against the adaxial epidennis close to the stomata and is completely sur rounded by aerenchyma, possibly enhancing transpira tion and aeration of the leaf.
Types B2, B3 and B4: these are the most common leaf types, found in ± two-thirds of Passerina species (Table  4 ; Figure 3C -E). The possible adaptive significance of these structural types remains much the same as in B I , except that the leaf becomes sequentially more xeromor phic as the main vascular bundle borders on or sinks into the palisade parenchyma, possibly curtailing water loss.
Type B5 : xeromorphism is enhanced in P. glomerata subsp. glomerata and P. obrusijoiia ( Figure 3F , G), both growing in the wann, arid Karoo. The main vascular 81 bundle is abaxially e mbedded in palisade parenchyma which differentiates into collenchyma and the spongy parenchyma surrounding the main vascular bundle which is more densely arranged with smaller intercellu lar spaces. This more xeromorphic arrangement mechan ically strengthens the leaf, allows moisture for pbysio logical processes but possibly retards loss of water.
Type B6: found in P. glome rata subsp. nov. occurring on mountain tops from the Cederberg to the Cape Peninsula and P. filiformis subsp. nov. which grows between Malmesbwy and Vredendal. In this xeromor phic leaf the main vascular bundle is adaxially surround ed by spongy parenchyma, enhancing aeration, and is abaxially strengthened by palisade parenchyma and the vascular bundle sheath which differentiates into col lenchyma. In P. rigida ( Figure 3H ), which grows in salt spray along the coast, the exceptionally large main vas cular bundle is close to the adaxial epidennis and borders on the tanniniferous abaxial epidennis, with the possible adaptive advantage of strengthening the leaf and allow ing transpiration and associated physiological processes Ilt the same tilllt:.
Type C: found in P. falcifolia ( Figure 4A ) and P. sp. nov. 4 (Figure 4B ), growing in relatively moist environ ments ( Table 1) . The abaxial swface of the carinate leaf is in contact with the atmosphere, but the obovate main vascular bundle, situated abaxially, is well protected in the V-shaped palisade parenchyma. The adaxial parenchymatous bundle sheath cap and the vascular tis sue are in close contact with the aerenchyma, providing moisture for the various physiological processes.
Type D 1: in P. montana ( Figure 4C ) the extraxylary sclerenchyma fibres touch the abaxial epidennis, but hypodermal fibres are absent. This arrangement indicates a high degree of mechanical strengthening and xeromor phism, possible adaptations to the wide range of habitats along the eastern escarpment where these plants grow (Table 1) .
Type D2: present in P. paleacea ( Figure 4D ), P. rigida ( Figure 4E ) and P. vulgaris (Figure 4F ), all growing in Western Cape, the centre of diversity for PBSserina and from where certain species extend west-, north-and east wards. Orientation and structure of the main vascular bun dle ale the same as for type C, except that the sclerenchyma tissue of the vascular bundle projects beyond the vascular bundle sheath and reaches up to the abaxial epidermis form ing a sclerenchymatous hypodermal sheath, thus strength ening the leaf and making it more xeromorphic. Vascular tissue remains in close contact with the aerenchyma, pr0 viding moisture for the various physiological processes.
Sclerenchyma
Prevailing characters in Thymelaeaceae
Van TJeghem (1893) described extraxylary fibres , specially mentioning those without lignification in Daphne mezereum L. and with lignification in D . cneo· rum L. Supprian (1894) , mentioned the presence of fi bres in the mesophyll of the leaves, which he called 'Spicularzellen' and regarded as a constant taxonomic character. In a subsequent paper, , critically 82 Bothalia 31 .1 (200 1 ) discussed the anatomical method applied by the two pre vious workers, doubting the constant taxonomic val ue of 'Spicularzellen'. Thoday ( 1921) described a sclerenchy matous hypodermal sheath extending to the margins of the leaves in P. filiformis and P. cf. falcifolia , introduc ing the term 'wandering fibres'. Metcalfe & Chalk (1950) acknowledged the previous works, also mention ing the presence of bundles of sclerenchymatous e le ments supporting leaf margins in species of Daphnopsis C.Mart., Dicrano/epis Planch . and Passerina .
During this study variation concerning leaf structural types was taken into consideration and amply document ed. Considering the wide distribution of especially P. montana and P. rig ida, variation in leaf structural type could be expected. In P. montana ( Figure 4C ), hypoder mal fibres are absent although lignified fibres project beyond the vascular bundle sheath and reach the abaxial epidennis (type 01). Hypodermal sclerenchyma fibres have been recorded in P. paleacea and P. rigida 
Less important taxonomic characters
Leaf width
Considering the cymbifonn, canaliculate or carinate shape of leaves as well as the movement of the lamina due to turgor pressure in the leaf, leaf width can at most be used to interpret leaf shape, but is not regarded as taxo nomically significant.
Crystals
Calcium oxalate crystals or lime crystals were consid ered as taxonomically valuable in the Thymelaeace ae and certain species of Passerina by Supprian ( 1894 ). Solereder (1908) , Metcalfe & Chalk (1950) and Metcalfe (1983) report the presence of both druses and crystal sand in the ThymeJaeaceae, but do not consider these crystals of much taxonomic value. In the present study, druses were recorded in the parenchyma cells of the mes ophyll in all taxa of Passerina. Calcium oxalate crystals in the intercellular spaces are regarded as fragmen ts of druses resulting from processing.
Tanniniferous substances
The substances are abundantly present in the epider mis, mesophyll as well as vascular bundle sheath and parenchyma in all taxa of Passerina. No significant interspecific variation was recorded.
Phylogenetic considerations
Leaf structural type correlated with epidermal structure A phylogenetic gradient for the leaf structural types cannot be shown, as various characters probably evolved separately. Thoday (192 1) 
Mesophyll
Parenchyma cells are palisade-like and homogeneous in the isobilateral leaf. All other species possibly repre sent the derived state in which the mesophyU is inverted, with elongated, abaxial palisade parenchyma, horseshoe, U-or V-shaped and with adaxial spongy parenchyma.
Sclerenchyma
Sclerenchyma (notably extraxylary fibres) in the leaves of Passerina could possibly be regarded as prim itive as it is a prevailing state in the Thymelaeaceae. Within Passerina the hypodennal sclerenchymatous sheath in certain species could have evolved as an adap tation to the Mediterranean climate of the Cape Floristic Region and in conjunction with leaf structural type D, regarded as a possible advanced state.
Taxonomic significance
The present study has clarified the taxonomic signifi cance of various anatomical leaf characters at the fol lowing levels:
F amity level
Most family characters prevail in Passerina in their unmodified fonns, e.g. the epidermis with a papillate cuticular membrane (CM) and mucilaginous epidennal cells, as well as the presence of extraxylary sclerenchy rna in the vascular bundle. Other characters have been modified, for example the parenchymatous bundle sheath cap in leaf structural types C and D (Tables 3, 4 ) and the absence of intraxylary phloem in the leaves.
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Irregular sclerenchymatous fibres present in the meso phyll of leaves in many species, have been modified into a sclereocbymatous hypodermal sheath in Passerina.
Genus level
In most genera of Thymelaeaceae, leaves are isobilat eral, dorsiventral or inverse-<torsiventral (Kugler 1928 In all other species, the inversely eri coid leaves are arranged close to the stem, with the abax ial epidermis exposed to the environment. The palisade parenchyma develops abaxially, the mesophylJ is invert ed and the leaf is regarded as inverse-dorsiventral (Kugler 1928) .
Species level
Based on leaf epidermal characters, two groups (A and B ) of spedes are recognized, in which many species could be classified to species level (Bredenkamp & Van Wyk 2000) . The correlation of epidermal characters with the leaf structural types has confinned the authenticity of both these character sets (Table 3) . On the basis of anatomical evidence the delimitation of the various species and infra specific taxa was confirmed (Tables 3, 4). P. sp. nov. 
CONCLUSIONS
Leaf anatomical evidence proved extremely useful in the classification of Passerina. Four leaf structural types and ten states are associated with specific habitats and geographical distribution, illustrating a xeromorphic gra dient. On the basis of leaf structural types, four new species and fou r subspecies were identified. Certain phy logenetic tendencies were proposed and the systematic val ue of the various characters at family, genus and species levels were assessed, thus enabling the anatomi cal characterization of all infrageneric taxa in Passerina.
This study illustrates prevailing Thymelaeaceae char acters as we)) as their modification and newly evolved tendencies in Passerina. Observations correlate with those obtained fro m other studies in the genus. Based on the secondary reticu lum of the polyforate pollen grain of Passerina, the subtribe Passerininae Endt. was raised to the tribe Passerineae (Endl.) . The unique leaf structural types and states iden tified by the present leaf anatomical study, provide more evidence in support of the tribe Passerineae. ........ ... .. .. .. ....... ..... ...... ... ....... ... .... .. .... ............. .. " ............ ......... 1 Most species of Passerina are endemic to the Cape Floristic Region and adapted to a Mediterranean or semi Mediterranean climate. The distri bution of P. sp. nov. 4 and P montana extends eastwards and northwards along the eastern mountains and Great Escarpment of southern Africa, predominantly summer rai nfall areas. The species are apparently all wind-poll inated.
Inflorescences and flowers
The controversy surrou nding the interpretation of certain fl oral structures in the genus became obvious during the present study. Heinig ( 1951) d id not incl ude Passerina in her study of the floral morphology of the ThymeJaeaceae. From the sexual system of Li nnaeus (1781 , 1784) to Domke (1934) , floral morphology played an integral part in the intrafamilial classification of the Thymelaeaceae and in the circumscription of the family (Table ] ). Between ± 1960 and 1996, vast leaps were taken in the classification of the fl oweri ng plants by making use of anatomical, floral, pal ynological, embryo logical and chemical evidence. During this period, dis agreement on the circumscription of the T hy melaeaceae was common (Table 2) . Since 1990, many higher-level phylogenetic relationships in angiosperms were based on evidence from rbcL and 18S nuclear ri bosomal DN A sequence data. In many cases these stud ies confirmed previously proposed phylogenetic patterns and trends within the family, based on morphological ev idence; in other cases, however, profound changes in the circu m scri ption and relationships of the Thymelaeaceae were suggested (Table 3 ).
The present paper emanated from a monographic study of the genus cUITen tly in progress. Available e vi dence suggests the presence of at least four new species and four new subspecies, to be added to 16 previous ly recognized species, mostly endemic to southern Africa (Thoday 1924; (Table 4) 
MATERIALS AND METHODS
As far as possible, materiaJ was collected from at least five different localities for every taxon . Live and pre served (dried and in liquid preservati ves) material of all the species, subspecies and varieties in Passerina was studied (Table 4) . Illustrations were made from herbari um materiaJ by means of a drawing lube. Measurements were taken by using a dissection microscope and a cali brated eyepiece.
Flowers were fixed and stored in a 0.1 M phosphate buffe red solution at pH 7.4, containing 2.5% formalde hyde, 0.1% glutaraldehyde and 0.5% caffeine [modified Kamovsky fixati ve; Kamovsky (1965) ]. Light micro scopy eLM) was used to study the floral anatomy of P. ericoides (Bredenkamp 956, 962) , which has fl eshy fru it and P. vulgaris (Bredenkamp 944, 951 ) with dry frui t. As the flowers are quite small, whole flower buds, flowers directly after anthesis and young fruits enveloped in the fl oral tube were washed in water, dehydrated and embed ded in glycol methacrylate (GMA) following the meth ods . Embedded floral mater ial was serially sectioned from the base of the receptacle to the anthers. Sections were stained in toluidine blue '0'. subjected to the periodic acid-Schiff's (PAS) reaction and mounted in EnteJlan (Art. 796 1, E. Merck, Darmstadt).
Terminology
Terminology is used according to the following authorities : inflorescences (Weberling 1983 (Weberling , 1989 Weberling & Herkommer 1989) ; hypanthium (Bunniger 1972; Dahlgren 19753, b, 1980; Dahlgren & Thome 1984) ; stamen morphology (Heinig 1951 ; Fahn 1967; Noel 1983);  90 gynoecium (Heinig 1951 ; Davis 1966; Comer 1976) ; fru it (Spjut 1994) .
Floral envelope
The authors regard the floral envelope ('outer floral whorl') ac; a hypanthium (fused calyx and androeciu m), differentiating into four petaloid sepals and a diploste monous androecium, arising fro m the hypanthium ri m at the separation of the sepals. For the description of colour, texture and measurement of total floral length. only the hypanthium and sepals are considered-the stamens are excluded.
Phylogeny
Speculations on phylogeny are based on prevailing fa mily characters representing the ancestral state and derived characters, indicating a reduction in tissue at genus and species levels, considered as possi bly advanced. A cladistic analysis based on anatomical and morphological characters in Passerina is schedu led for the fmal stages of the study.
RESULTS
Inflorescences
Polytelic synflorescences present in all species; main fl orescences and co-florescences spicate ( Figures I A; 2A) , often extended, forming multiflowered politelic flores cences in most species, sometimes strongly reduced (P. burchellii) ( Table 5) . Proliferating spikes with inflores cence apex growing out and returning to vegetative growth, common; main florescences and co-florescences subtermi nal. Spikes sometimes artificially resembling termj nal sub capitulate inflorescences, but each characterized by two terminal leaves with axillary blind-ending rudi mentary flowers, enveloping minute growing point (P. montana, P. paleacea, P. glomerata, P. sp. nov. 3) ; proliferating growth less common in subcapitulate inflorescences. Figure 3A) , P. sp. nov. 3 (Figure 3B , C Figure 4J ) 19b Midrib shortly extended in to a short point, apex acute; wings ± 5-ribbcd .
. . P. nlbra ( Figure 4K )
Generic description of floral morphology
Flowers actinomorphic, bisexual , hypogynous. Floral envelope membranous during pollination and yellowish in P. rigida, P. paleacea, P. sp. nov. I and P. sp. nov. 2 , slighUy succulent and greenish in P. ericoides, mostly yellow-pink in all other species, dehydrated after shed ding of pollen, becoming papyraceous or coriaceous, yellow-pink tones turning red , (4.0-) 5.3-7.3(-8.4 ) mm long. Pedicel very short or absent. Receptacle very short. Hypanthium a membranous to coriaceous cylindric tube; indumentum variable in density, trichomes nonglandular, uniseriate, often spiralled, whitish, density of indumen tu m at ovary ranging from glabrous to tomentose or strigose; neck (narrowed tube between apex of ovary and sepals) (0.3-)0.6-2.6(-3.0) mm long, density of ind u mentum ranging from glabrous to tomentose on outside, inside often hairy, abscission tissue not macroscopically discernible, articulation plane absent, after fruiti ng frag mentation of neck base caused by dehydration and torsi fi cation of tissue, shedding sepals and androecium (Figure 2D , E; Table 8) (Bunniger 1972) , pseudomonomerous (Heinig 1951) at maturity, placentation parietal, uniloculate, with I pendulous ovule laterally attached near top of ovary ; style separating laterally from top of ovary, maintaining lateral position in hypanthium neck. reaching beyond hypanthium rim; stigma ± globose, mop-like or pen icil late (wind-pollination). Fruit enveloped by persisten t, loosely arranged hypanthium fragmented at neck base or, in some species, fragmenting over widest circumfere nce of fruit, shedding fragmented hypanthium, sepals and androecium ( Figures J D ; 2E) , in P. ericoides ( Figure 1F ) and P. rigida a fleshy I-seeded berry, 5.3 x 4.0 mm, in all other species ( Figure 2F ; Tables 6, 7) an achene, peri carp membranous and dry, 2.5 x 1.2 mm. Seed: tegmen black and shiny, often with white spots, broadly fusiform with outgrowths at both micropylar and funic ul ar ends (Figures lG; 2G A. P. CO/llosa, Alldreae 1288 ; B-C, P. sp. nov. 3, ESlerituysen 10734, 28006; D, P. burchellii, Bolus 687; E, P. pendl/la, Bredellkaml' 908 ; F. P. montana, Bredenkamp 893; G, P. sp. nov. 2, ESlerhuysen 26859; H, P. paleacea. Bredenkamp 960; I, P. gulpillii, Bredenkamp 946; J, P. sp. nov. I. Oliver 9281 ; K , P. ericoides, Bredenkamp 962 ; L, P. rigida. Bredenka1/1pIO/3 . A-L x 20. Scale bar: 5 mm .
cu lar bundles, fused sepal and stamen traces occupying peripheral posi tion ( Figure 5B ); cells at perifery of cor lex arranged in rows (abscission tissue), differentiation of inner epidennis of hypanthium and outer epidermis of ovary wall, separating hypanthium from ovary wall ( Figure 5C, D) . Hypanthium irregularly lobed or scal loped; outer and inner ep idennis variously hairy; cuticle sometimes strongly developed; 8 vascular bundles stretching over entire length ( Figure 5E , F). Calyx with 4 imbricate lobes developing at hypanthium rim, each containing 3 vascular bu ndles; epidennal and hypoder mal layers containing large amounts of pigment; spongy parenchyma aerenchymatic (Figure 8C , D ; Table 6 ). Androecium: each of the 4 fused commisural sepal and antipetalous stamen bundles (cs-pst) split into 2 sepal lateral bundles (sl) and I antipetalous stamen bundle (pst), resulting in the first whorl of 4 antipetalous sta mens (situated slightly lower in the hypanthium) and 94 each sepal containing 3 vascular bundles ( Figure SA,  B) ; each of the 4 fu sed sepal midrib and antisepalous stamen bundles (s-sst) split into a sepal midrib bundle (s) and an antisepalous stamen bundle (sst), forming the second whorl of 4 antisepalous stamens ( Figure 8B, C ) ; anthers extrorse, with wall of locule comprising epider mis and endothecium only, pericJinal wal ls of ep iderm is thi n and fo lded inwards, cell wall thickenings of endothecium ± stellate, with rib-like ex tensions directed to wards epidermis ( Figure 9B ), parti tions between loculi withered and ru ptured ( Figure 9C ), accompanied by final rupturing of outer walls of thecae ( Figure 9D ).
Ovary base: wall independent of hypanthiu m or loosely adhering to hypanthium a1 distal side away fro m placen ta (F igure 5E, F; Table 6 ); outer and inner epidermal wall s strongly developed, containing ample amounts of tanniniferous substances ( Figure 5E ) or less sturdy ( Figure 5G) ; mesophyll of densely arranged parenchy Figure 7C ).
Fruit
Pericarp fle shy: exocarp tanniniferou s, mesocarp of a few layers of parenchyma, endocarp disi ntegrating with outer integument (Figure IDA, B) .
Scalloped. Outer epidennis hairy, inner epidennis glabrous (Figure SF, H).
Loosely adhering to hypanthium di stally away from placenta ( Figure SF) . Epidennal walls less sturdy with less tanniniferous substances.
Mesophyll aerenchymatic. Dorsal carpellary bundle rudimentary or absent ( Figure SF, H) . Commissural bundles closely arranged, often separate ( Figure SF, H) .
Elliptic.
Vascular bundles inconspicuously arranged in a row along long axis of elliptic style ( Figure 7D ).
Pericarp mem branous: exocarp degenerated, mesocarp lacking, endocarp degenerated ( Figure 10D ).
lila ct!lI s ( Figure 5E , G) or aerenchymatic ( Figure 5F , H); vascular bundles arranged in a single ring-like whorl (
Figure 5B Figure 7C ) or inconspicuously arranged in a row along the long axis of elJiptic style ( Figure 7D ; Table 6 ). Sligma reaching beyond hypanthium ri m, penicillate. ram ified into nu merous simple papillae, dispersed between filament bases ( Figure 8A -C)_Seed exotegmic, outer integument undergoing atrophy; outer epidermis of inner imegument (oeii) lengthening and becoming palisade-li ke, mesophy1\ consisting of 2 or 3 layers of parenchyma, inner epidermis of inner integumen t (ieii) tanniniferous ( Figure lOA, B) ; tegmen black. lignified. still portraying palisade origin ( Figure tOC, D) ; outer layer of nucellus ornate with cellulose thickenings. nucellus 3-5 cell layers thick; endosperm formation nuclear (Davis 1966) , but later becoming cellular throughout ( Figure IOD) , absorbed by cotyledons con taining no starch but copious amounts of oil.
Floral morphology at species level
Floral morphological characters and taxonomically important fruit characters are summarized in Table 7 , and specialized hypanthium and sepal characters in Weberling (1989) regards polytelic synflorescences as dominant within the Thymelaeaceae. He found monotelic synflorescences in the Gonystyloideae, a relatively primi tive group, as well as certain genera of the Thymelaeoideae and Aquilarioideae. In the Gnidieae. it was found in Lachnaea L. (= Cryptadenia Mei sn.) Beyers 1997 ), a genus endemic to the Cape Floristic Region . Weberling (1 989) never theless concluded that it appears impossible to draw any taxonomic conclusions from the existence of monotelic synflorescences within these taxa_Passerina is character ized by po)ytelic synflorescences_ Most species have multi flowered main and co-florescences, and a reduction of florescences to single and subcapitulate spikes is clearly shown (Table 5) .
Bracts
In their descriptions of the Thymelaeaceae, Domke (1934) reports the presence or absence of bracts and bracte oles, sometimes involucral, and Peterson (1978) mentions that deciduous or persistent bracts are often present. In Passerina. single flowers are always enveloped by persis tent bracts. In the present study, this constant taxonomic character has been employed in a key for application in herbarium and field work (Figures 3, 4 ; Table 5 ).
Floral morpbology and anatomy at generic level
Receptacle
Historically the interpretation of the receptacle in the Thymelaeaceae has been controversial. Tables I and 2 show that Meisner (18S7) regards the floral envelope as perigynous and hypocrateriform, implying a cup-shaped receptacle or hypanthium. Gilg (1891 describes the floral envelope as a cylindric receptacle which is articulate in the upper half, and Endlicher (1837, 1847), Leandri (1930) and Dahlgren & Thome (1984) regard the floral arrangement as perigynous. The present study indicates that the receptacle (in tis) is very short ( Figure  SA , B) and definitely not cup-shaped. This is evident from the arrangement of peripheral cortex cells in rows, followed by differentiation into the inner epidermis of the hypanthium and the outer epidermis of the ovary wall ( Figure SD) , finally by the separation of the hypanthium (including the vascular bundles differentiated from the stele) from the ovary wall and the presence of trichomes in the space subsequently formed ( Figure SD-F) .
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Hypanthium and androecial position
Owing to reduction of the receptacle, the hypanthium in Passerina is here interpreted as being formed by the fused calyx and androecium only. The vascular tissue of the hypanthium constitutes the fused sepal and stamen traces (Heinig 19S1) , separating from the central stele in a single whorl and forming a peripheral ring of eight vas cular bundles (Figure SA, B) , which persist throughout the length of the hypanthium. A similar pattern of fusion and distribution of vascular tissue has been reported by Heinig (19S1) In Passerina the central stele differentiates into carpellary bundles after the separation of the fused sepal and stamen traces ( Figure SC-E) . It can therefore be concluded that the segments of the floral envelope and the androecium arise below the gynoecium, the floral arrangement being hypogynous and the ovary superior (Weberling 1989) .
Identity offloral envelope
From Wikstrom (1818) to Takhtajan (1997) (Tables  1; 2 ) the floral envelope in Thymelaeaceae and, in many cases Passerina , was variously interpreted as an in fundibular corolla, hypocrateriforrn hypanthium, infun dibular peri gone, perianth, cylindric receptacle, floral tube formed by coalescence of four external whorls, perianth tube, or a hypanthium. Heinig (1951) supports the interpretation of Leandri (1930) and Domke (1934) of the floral tube as appendicular in origin, composed of the fused bases of the sepals and adherent stamen filaments, also pointing out that the sepal is with few exceptions a three-trace organ. Bunniger (1972) is of the opinion that the hypanthiums in families of the Myrtales and Thymelaeales have a similar origin. Our results show eight vascular bundles running along the length of the hypanthium and separating into sepal and stamen bundles, each sepal lobe eventually with three vascular bundles ( Figure 8A, B) . We regard the floral envelope as a hypanthium (fused calyx and androecium), differen tiating into four petaloid sepals and a diplostemonous androecium, arising from the hypanthium rim at the separation of the sepals. A very short receptacle (Heinig 1951) , which does not contribute to the hypanthium, indicates a reduction in tissue and a possible advanced state. This is indeed the case in Passerina.
A study of petaloid scales in Thymelaeaceae has added further evidence to the interpretation of the floral envelope. These scales have been regarded by various authors as perigynous scales or glands, perigynous nec taries, petals or staminodes, petaloid scales and petaloid appendages (Tables 1; 2) . Heinig (1951) is convinced that the morphology and vascularization of the petaloid scales resemble that of stipules, an opinion shared by Rao & Dahlgren (1969) on the floral anatomy and rela tionships of the Oliniaceae. In their floral description of OUnia, Dahlgren & Van Wyk (1988) consider the petaloid scales as true petals. Heinig (1951) concludes that the Thymelaeaceae is apetalous. In Passerina there are no petaloid scales or corolla (Tables 1; 2) . Our results have shown the separation of antipetalous as well as antisepalous stamens, but petaloid scales or even ves tiges of them were not observed. We therefore regard Passerina as truly apetalous. The complete reduction of the corolla or the absence of petaloid scales can be regarded as an advanced state in the Thymelaeaceae; it could also be interpreted as part of the anemophilous syndrome displayed by the genus. Based on both the pattern of the vascular tissue and the absence of petaloid scales, we consider the floral envelope in Passerina as a hypanthium consisting of the fused calyx and androecium, differentiating into four sepals and the diplostemonous stamens. 
Fragmentation of hypanthium
The fruit in Passerina is enveloped by a persistent, loosely attached hypanthium. Bentham & Hooker (1880) , Gilg (1891 , Domke (1934) and Melchior (1964) mention that the hypanthium is articulated above the ovary. We found no definite articulation point in the hypanthium neck (narrowed part of hypanthium between apex of ovary and sepals) in Passerina, possibly because of the absence of receptacle tissue and the appendicular nature of the hypanthium. The base of the neck fragmented as a result of desiccation and torsification of cells ( Figure 2E) . In some species, fragmentation of the hypanthium takes place over the widest circumference of the fruit, shedding the frag mented distal part of the hypanthium, sepals and androeci urn ( Figure ID) . A strong association was found between flowers with a short hypanthium neck and fragmentation of the hypanthium over the widest part of the fruit, and also between flowers with a long hypanthium neck and frag mentation at the base of the neck (Table 8) .
A plane of circumscission, dividing the floral tube into a basal and upper portion, is clearly illustrated in Gnidia and Struthiola (Peterson 1978) and Lachnaea (Beyers 103 1992; . We hypothesize that the plane of circumscission possibly indicates a differ ence in tissue composition between the basal and upper portions of the hypanthium and that this articulation can be of morphological importance in the Thymelaeaceae. The basal portion of the floral tube below the plane of cir cumscission possibly indicates the inclusion of receptacle tissue in the hypanthium, whereas the upper portion con sists of calyx and androecium tissue only (accepting the apetalous state). An altemative interpretation, offered by one of the referees of this paper, regards the vasculature as a prerequisite to decide whether one is dealing with a hypanthium (appendicular in origin) or a receptacle (axial in origin), The significance of an articulation indicating a distinction between parts of the hypanthium of different derivation, should be further investigated.
Androecium
In his description of Thymelaeaceae, Peterson (1978) describes the stamens as twice as many or as many as the sepals (rarely reduced to two or one) , in one or two whorls, the outer whorl antisepalous. In the subfamily Aqui lmioideae (Heinig 1951) , stamens are of approximately equal length and the traces supplying them separate from the sepal traces, practically in a single whorl. The Thymelaeoideae is characterized by stamens arising as two distinct whorls at two distinct levels in the floral tube. The dimorphic diplostemonous nature of stamens in Passerina (Thymelaeoideae), in which the antipetalous stamens are shorter than the antisepalous ones, has been confmned by our observations ( Figure SA-C) . According to Heinig (1951) evolution within the androecium has been from po]ystemony to diplostemony to dimorphic diplostemony, indicating the advanced state of the androe cium in Passerina. Peterson (1978) describes the anthers as usually introrse, rarely extrorse. Species of Passerina have large, exserted, extrorse anthers, clearly an adapta tion to the anemophilous syndrome of the genus.
Separation offused sepal and stamen traces
Heinig (1951) is of the opinion that a foreshortening of the floral axis has resulted in a fusion of the calyx and androecium and that progressive stages of adnation can be observed in the family. In all species the antipetalous stamen traces are fused to the comrnisural sepal traces and the antisepalous stamen traces to the sepal midrib traces at their point of origin from the stele. In the Aquilarioideae, in Octolepis dinklagei, they become separated in the receptacle or, in other cases, low down in the floral tube. Except for Gnidia splendens (= Lasio siphon splendens), in which the separation of the antipetalous and anti sepalous stamen traces takes place in the receptacle, Thymelaeoideae is characterized by 104 separation higher up in the floral tube, e.g. at the top of the ovary in Dirca occidentalis and below the origin of the sepals in Gnidia subulata (Heinig 1951) . In Passe rina the separation of the antipetalous stamen traces takes place at the origin of the sepals ( Figure 8A, B) and separation of the antisepalous traces slightly higher up (Figure 8e) , indicating what appears to be a phylogeneti cally advanced tendency.
Pollen
Pollen grains of most members of Thymelaeaceae are monads, spheroid and pantoporate, characterized by a typical croton pattern, comprising rings of more or less trihedral sexine units mounted on an underlying reticulum of circular muri . In Passerina, the basal reticulum, as in the typical croton pattern, is no longer discernible as it is replaced by a sec ondary reticulum derived from fused sexine. The supra tectal subunits are fused completely to form a continuous reticulum which replaces the underlying reticulum. The reticulum in Passerina is therefore secondary in origin and considered phylogenetically advanced. This modifi cation of the crotonoid pattern is probably also of func tional significance as pollen in Passerina is adapted to anemophily.
Disc
In Aquilarioideae a hypogynous disc is generally absent, but is almost always present in Thymelaeoideae Figure 5 . ens, endosperm; es, embryo sac ; ieii, inner epidermis of inner integument; m, mesophyll; oeii, outer epidermis of inner integument; pc, pericarp ; te, tegmen. Scale bars: A-D, 100 11m. (Heinig 1951; Peterson 1978) . Possibly because of a reduction of tissue, no disc was observed in Passerina, a state confirmed by Bunniger (1972) .
Ovary
The ovary in Passerina was described as unilocular up to the time of Domke (1934) (Table 1) . The pseudo monomerous state is mentioned by Eckardt (1937 ), Melchior (1964 , Dahlgren & Thorne (1984) and Cronquist (1988) (Table 2) , while most authors agree that ovules are solitary and pendulous. According to Takhtajan (1997) the ovary in Thymelaeoideae consists of two carpels, it is monolocular and the ovule is solitary. Heinig (1951) is convinced that within the carpellary whorl a reduction series may be observed, ranging from four-or more-carpellate members in the Aquilarioideae to the two-carpellate members of the Thymelaeoideae in which one carpel is markedly contracted, thus a pseudomonomerous ovary. According to Heinig (1951) the ovules have been reduced to one per locule in the entire family. In Passerina, at the base of the ovary, the dorsal and median carpellary bundles initially separate from the central stele ( Figure 5C, D) . After differentia tion has taken place, the dorsal, median and commissur al carpellary bundles ( Figure 5E ) can be distinguished. Because of a redistribution of carpellary bundles, the sin gle dorsal carpellary bundle is arranged at the opposite side of the horseshoe-shaped median and corrunissural carpellary bundles ( Figure 5G) . In Dirca palustris, 232 Heinig (195 I) has illustrated the authenticity of the pseudomonomerous ovary by the presence of two dorsal carpellary bundles, one in the fertile carpel and one in the second. reduced, sterile carpel positioned between two groups of commissural carpelJary bundles. Bunniger (1972) showed the presence of two carpels in the flower primordia of P. fili/onnis . In the present study, which included the young bud stage of P. vulgaris (Figure 5F ), no indication of a second carpel or a second dorsal carpeIJary bundle was found, possibly because of reduc tion and fusion processes, which had already taken place in the formation of the young ovary, consequently we consider the ovary of Passerina as pseudomonomerous. Domke (1934) describes the ovule in Thymelaeaceae as pendulous, anatropous, wi th a ventral fu niculus, ex ceptionally hemi-anatropous or orthotropous. indicating a phylogenetic tendency. Our study clearly indicates a pendulous, anatropous ovule in Passerina (Figure 6C , D). The funiculus is ventral and has been sectioned from the base of the ovule (Figures 5E-H; 6A ) to the point of attachment with the placenta (Figure 6C, D) . Close to the embryo sac the micropyle isa trilete opening fo rmed by the inner integument (Figures 6C, D ; 7 A), facing upward. Towards the micropyle, the outer and inner integuments become horseshoe-shaped (in tis), resulting in the micropyle being directed towards the elongated obturator cells, located at the base of the style ( Figure  7B ). Based on these results, we agree with Dahlgren ( 1975b) , who regards the ovule as pendulous and epitropous. ( 1966) defi nes an obturator as any structure asso ciated with directing the growing pollen tube towards the micropyle, but elongated cells extending from the base of the style to the micropyle are considered exclusive to the Thymelaeaceae. In Passerina such elongated obturator cells can be clearly seen at the level of the placenta, at the departure of the fun iculus, touching on the inner integu ment ( Figures 6C; 7A ) and finally these cells extend from the base of the style entering the micropyle ( Figure 7B ).
Ovule type and position
Obturator
Davis
Fruit
Most authors (Tables I; 2) agree that the fruit in Thymelaeaceae is indehiscent. In Passerina, Wikstrom (1818), Meisner ( 1857) and Endlicher ( 1837 Endlicher ( , 1847 con sider the fruit as a nut or a nutlet. Domke (1 934) concludes that the fruit of Dais, Gnidia, Lachnaea (= Cryptadenia) and many taxa of Passerina can be defmed as an achene, and that of P. ericoides as a berry. Dahlgren (J975b) a specialized adaptation. A reduction in tissue from a drupe to a membranous I-seeded berry or an achene can be illus trated in Thymelaeaceae and therefore the fru it in Passerina could be considered advanced within the family. We agree with Domke (1934) that P. ericoides (Figures IF; lOA) and P. rigida are characterized by a fles hy I -seeded berry, while all the other species have an achene ( Figure  2F ; Table 7 ). The achene remains enveloped in the rem nants of the papyraceous hypanthium, nestled adaxially in the tomentum of the concave. persistent cymbiform bracts.
Seed
The existing confusi on concerning the state of the tegmen in Passerina is a reflection of the total lack of information of this aspect in descriptions of the group by various authors (Tables I; 2 Floral and fruit morphology at species level (Thbles 7; 8) In the present study, specific results in leaf anatomy indicating the arrangement of taxa in Passerilla (Bredenkamp & Van Wyk 2001) , are associated with flo ral morphological structures as well as fru it and seed types. In Table 7 , leaf structural types A and especially B3 are associated with four species that have smaller, yellow, membraneous flowers (up to 5.3 mm long). Leaf struc tural types B4, B5, B6, C and D are associated with most species having larger, yellow-pink, papyraceous flowers (up to 8.4 mm long). The same tendency in the length of the neck, and the size of the inner sepals is shown in Table 8 .
Fnlit
Fleshy fru it in P. ericoides (Figure 1 D, F) and P. rigida is possibly correlated with the moist maritime climate of the coastal habitat of these species; it is possibly also an adaptation to bird dispersal. Both species occur in the Western Cape, and the range of P. rigida extends along the coast to St Lucia. P. ericoides has red benies and P. rigida has yeUow berries. All other species are char acterized by achenes and are adapted to drier habitats, from mountainous areas along the Great Escarpment to the arid Karoo. In Pm'serino , each achene is enveloped by papyraceous remnants of the fragmented hypantllium and enclosed within the tomentum of an enlarged bract ( Figure 2D , E), which often takes on a rounded shape and turns yellow, red or brownish.
The fruits of Passerino clearly illustrate the phenome non of transfer of function from protection to dispersal (Stebbins 1974) . In P. ericoides and P. rigida, with fleshy fruit, the pericarp has the double function of protecting the ovules during early stages of development and disper sal. The mature fruit enlarges beyond the bracts and is protected by the coriaceous pericarp, while the patent bract does not have a protective function (Figure 10 ). The pericarp of the fruit is yellow or red when it is ready for dispersal , probably by birds or small mammals (Richards 1986) , and the dispersal unit is the berry. In all other species which are characterized by achenes, the protec tion of the ovule is apparently transferred from the peri carp to the persistent bract. The bract enlarges around the achene, protecting it in the woolly tomentu m of the con cave adaxial surface (Figure 20) . The mature fruit is often still enveloped by the reddish, papyraceous rem nants of the hypanthium. Both P. montana and P. glom erata are characterized by subcapitulate inflorescences, with proliferating growth more common in the latter species. In P. glomerata (growing in the arid Karoo) the accompanying bract turns yellow and becomes more patent when the fruit is mature; the achene is shed after abscission. The yellow colour is associated with senes cence of the bracts and these structures are eventually shed, leaving conspicuous bract scars on the remaining, often terminal, woolly inflorescence axis. The unit of dis persal, in this case, is the achene, assisted by the patent senescing bract. The achene fa lls to the ground where it could either be dispersed by ants or small mammals or germinate under favourable conditions. In P. montana (growing along the Great Escarpment), the margin of the fruiting bract turns red and it becomes more patent, exposing the achene enveloped in the beak-like, reddish, papyraceous hypanthium, which fragments at the neck base. Perhaps birds, attracted by the red colour (Richards 1986) , feed on the exposed achenes. Leafless, terminal, woolly branchlets, with terminal scars are a conspicuous feature of the plant after fruiting and it therefore also seems possible that the subterminal capitulum with sever al achenes is broken off as a unit. In this case the disper sal unit could be the achene or the achene accompanied by the bract or perhaps even the entire subcapitulum. There is a need for further observations on seed dispersal in the field to test some of these suggestions.
Filament leng th
For a comparison of fi lament length, it is easier to measure the antisepalous filaments as they are ± twice the length of the antipetalo us ones. Both P. 
Anthers
Conspicuous differences in anther size have been noticed among the species; this has also been reported by Thoday (1 924) . In relation to flower size, most species have large exserted anthers between 0.7(-0.9) x 0. 3(-0.7) mm, possibly an anemophilous adaptation. P . ericoides has ± elliptic anthers ( Figure I ), whereas those of P. drakensbergensi!J' are narrowly oblong, 0.9 x 0.3 mm. The largest anthers of 1.0 x 0.5 rum are found in P. Oblusifolia and P. falcifolia.
Floral envelope
The hypanthium and sepals in P. ericoides are char acterized by their coriaceous (almost fles hy) appearance and dull green to pinkish colour. The floral en velope in P. rigida , P. paleacea, P. sp. nov. I and P . sp. nov. 2 is pale yellowish and quite membranous. P. pendula is dis tinguished by a pinkish floral envelope, with a membra nous texture. In all the other species the fl oral envelope is yellow-pink at anthesis, with a papyraceous texture. After pollination these flowers tum red and the hypan thium and sepals become thinly papyraceous and dry.
For practical purposes the total length of the floral envelope indicates flower size, and its taxonomic impor tance is clearly illustrated by the general increase in size from species )-20 ( Table 7) . P. rigida , P. paleacea and P. sp. nov. 2 are characterized by small flowe rs, the length of the floral envelope 4.0--4.6 mm . In most other species it ranges from 5.3-7.3 mm long. P . rubra and P. falcifolia are characterized by large flowers, the floral envelope being 8.4 mm long.
Specialized characters (Table 8) a. Fragmentation of hypanthium after fruiting During the fruiting phase, the persistent hypanthium fragments over the broadest part of the ovary, in eight of the 20 species. Except ill P. obtusifolia In certain species of the genus Lacllllaea , different trichome types are found below and above the articulation plane in the hypan thium. This state could possibly also be present in other genera of the Thymelaeaceae. In Passerina the trichome type remains constant over the length of tbe hypanthium, possibly because there is no articulation plane in the hypanthium. As Passerina is distributed over a wide range of habitats, the density of the indumentu m has been impor tant in the distinction of certai n species (Table 8) . P. eri coides is distinguished by the strigose indumentum over the length of the hypan thi um, whereas the indumenlum of the neck is strigose in P. paludosa. A completely glabrous hypanthium is characteristic of P. paleacea. In 12 of the spec ies, the hypanthium surrounding the ovary is glabrous, scantily tomentose or tomentose at the apex, with the neck scantily tomentose or tomentose. In P. sp. nov. I, P. sp. nov. 2 and P. flliformis subsp. filifonnis the hypanthium is tomentose over its entire length . In P. galpinii the whole of the hypanthium is pubescent, whereas in P. rubra only the neck is pubescent and the rest of the hypanthium is glabrous.
A strong correlation was found between the indumen tum of the lower hypanthium and of the bract. There is a 107 tendency for species characterized by a glabrous hypan thium base (Table 8) to have a protective bract with a very hairy adaxial surface (Table 5) , whereas species with a hairy hypanthium base have a less hairy to almost glabrous adaxial bract surface. When the hypanthium neck is not covered by a bract, it tends to be hairy in varying degrees. Only P. paleacea has a completely glabrous hypanthium. In this species the entire bypanthi urn is completely covered by the hairy adaxial surface of the bract because of the very short hypanthium neck. This tendency shows that the function of protection of the ovule is partly transferred from the hypanthium to the hairy bract (Stebbins 1974). c. Indumentum of sepals Thoday (1924) uses the character 'outer sepals beard ed behind the apex' in his key to distinguish between species. The abaxial surfaces of the outer and inner lobes of seven species are setose at the apex only and the adax ial surfaces range fro m glabrous to variously hairy (Table  8 ). In P. comosa abaxial surfaces of both outer and inner lobes are tomentose and adaxial surfaces are glabrous, P. drakenshergensis is similar except for the tomentose adaxial surface of the inner lobes. All sepals are com pletely glabrous in P. paleacea. The indumentum of the sepals varies infraspecificalJy and should, however, be used with discretion to distinguish between groups of species.
d. Size and shape of sepals
The size of the inner sepals is of taxonomic impor tance (Table 8) . P. sp. nov. I , P. ericoides, P. rigida , P. paleacea and P. sp. nov. 2 are characterized by shorter and broader inner sepals, varying from widely ovate, obovate, widely obovate to subrotund. AU other species have longer, narrower inner sepals, the shape varying, with one exception, from narrowly oblong, oblong, oblong-elliptic, elliptic, to obovate. P. drakensbergensis is distinguished by lanceolate sepals arranged in the shape of a cross.
Less important taxonomic characters
Ovary size (Table 7) has been considered less impor tant, as it is difficult to measure all ovaries at the same developmental phase. In Passerina the size of the ovary increases markedly after anthesis and the enlarged ovary, enveloped by the persistent hypanthium. can already be o bserved in older fl owers, rapidly followed by matura tion of the fruit.
Taxonomic relationships
Up to 1930, pri ority was given to the definition of subordi nal or subfamil ial taxa in Thymelaeaceae, based main ly on floral morphology (Table I) . Applying both morphological and anatomical evidence, Domke (1934) proposed a satisfac tory subfamilial classification system and envisages a phylogenetic relationship between the Thymelaeaceae, Malvaceae and Euphorbiaceae. Modern techniques have enabled taxonomists to find relation ships between families and to arrange them into higher hierarchies, with ranks such as superorders or subclass- Bothalia 31,2 (2001) es. Thus Dahlgren (1980) placed the Thymelaeaceae in the superorder Malviflorae (= Dilleniiflorae), Cronquist (1981 Cronquist ( , 1988 placed it in the subclass Rosidae, Thorne (I 992a, 1992b) in the superorder Malvanae and Takhtajan (1997) in the subclass DiIIeniidae (Table 2) . Heinig (1951 ) discussed the relationships of the Thymelaeaceae with the Myrtales, Saxifragaceae, Lythraceae, Gonystylaceae and Malvales on the basis of floral morphology and concluded that a polyphyletic ori gin of the Thymelaeaceae could be sought in both the Flacourtiaceae and Tiliaceae. Cronquist (1968 Cronquist ( , 1981 Cronquist ( , 1988 considered the Thymelaeaceae as completely at home in the Myrtales (Rosidae) on account of the strongly peri gyno us polypetalous to apetalous flowers, internal phloem, ves tured pits and obturator. However, he admited a possible relati on ship with other fam ili es, based on the pseudomonomerous ovary and crotonoid pollen. Dahl gren (I 975a, b) placed the superorder Thymelaeanae between the Dillenianae (DilIeniales, Cistales, Malvales, Urticales, Euphorbiales) and the Myrtanae. Within the superorder Malviflorae, Dahlgren (1980) recogn ized a close affinity between the Malvales and Euphorbiales, and indicated a strong relationship with the Urticales and the Thymelaeales, but a phylogenetic affi nity between the Malviflorae and Myrtiflorae was not supported. The inclusion of the Thymelaeaceae in the Myrtales was reviewed by Dahlgren & Thome (1984) . They argued that anatomically, most members of the fami ly possess Myrtalean characters. On the other hand, embryological, chemical and palynological evidence strongly ind icates an affinity with the Malviflorae. Thorne ( 1992a) accept ed the superorder Malvanae, but incl uded the Thyme laeaceae in the order Euphorbiales. Takhtaj an (1 969 ) considered the Thymelaeales to have a common origin with the EuphorbiaJes and Malvales, all arising from a Flacourtiaceae-type ancestor, and Takhtajan ( 1997) placed the Thymelaeales in the superorder Euphor bianae, with the Gonystylaceae as the on ly other family in the order.
Palynological evidence indicates that the very distinc tive pollen in Thymelaeaceae is total ly different from that of any Myrtales and si milar to that of most Euphorbiaceae. Archangelsky (1 971 ) concl uded that both the Euphorbiales and the Thymelaeales belong to the subclass Dilleni idae and originated from ancestral lines of the Dilleniales -? Violales -? Malvales. In a paper on palynology of Passerina, Bredenkamp & Van Wyk (1 996) supported Dahlgren (1 980) in placing the Thymelaeales in the Malviflorae (= Dilleni iflorae).
In Passerina, the structure of the integuments sur rounding the ovule provides taxonomically useful embryological ev idence. We have hown the disintigra tion of the outer integument and the differentiation of the jnner integument into a palisade-like outer epidermis, a mesophyllayer and an inner epidermis (Figure lOA, B) . It is also clear that the mechanical part of the seed coat is derived from the palisade-like outer epidermis, hence it is an exotegmen (Figure lOC, D) . Comer (1976) distin guished the Euphorbia les-Malvales-Thymelaeales Tiliales (Malvalean complex) on the basis of the exo tegmic palisade. He dismissed the derivation of the Malvalean complex from the Dilleniales (endotestal seeds) or Violales and looked towards the Myristicaceae (MagnoJiales-Ranales) for the origin of the Malvalean seed.
Recent evidence from molecular phylogeny (Table 3) should be interpreted in context with the evidence from other botanical fields. The primary focus of The Angiosperm Phylogeny Group (APG 1998) is on orders, with a secondary focus on families of flowering plants. Above the ordinal level , ranks are defined as subgroups, clades or supraordinal subgroups. Magallon et al. (1999) attempted to compare these groups to the existing systems mentioned in the preceding paragraphs. Both APG (1 998) and Magallon et aJ. (1999) recognized the Eudicots, a group characterized by tricolpate poilen, as well as the supra ordinal group Core Eudicots, supported by pen tamerous and isomerous flowers. Thymelaeaceae is desig nated to the Rosid clade by most authors. APG (1998) placed the Thymelaeaceae in the subgroup Eurosids II and order Malvales, whcrea:; all the other authors placed it in the Expanded Malvales. The Malvalean relationship of the Thymelaeaceae seems to be strongly supported by molec ular phylogeny, as well as floral morphology, anatomy, embryology and palynology.
The EuphorbiaJes-Malvales-Thymelaeales relationship indicated by embryology and palynology is, however, not supported by molecul ar data. APG (1998) placed the Euphorbi aceae in the order Malpighiales in the subgroup Euros ids I and Magallon et al. (1999) placed it in the Core Rosid Clade. Cronquist (1 968, 1981 Cronquist (1 968, , 1988 was convinced that if the Thymelaeaceae is not placed in the Myrtales, it would stand next to it . Conti et af. (1996 ) , APG (1998), and Alverson et al. (1999) all regarded the Myrtales as a sister group of the Malvales or the Expand ed Malvales to which the Thymelaeaceae is designated.
Speculations on phylogeny
Within Thymelaeaceae, both Domke (1934) and Hein ig (1 95 1) agreed that the subfamily ThymeJaeoideae is phylogenetically more advanced than the Aquilari oideae. On the basi s of the advanced pollen, raised the subtribe Passerininae to the tribe Passerineae, a decision supported by the present study, Although many of the following advanced charac ter states are present in other genera of the Thyme Jaeoideae, these advanced character states are alJ found together in Passerina: receptacle reduced to a ± lenticu lar structure; departure of the fused sepal and stamen bundles before carpellary bundles; hypogynous floral arrangement; petal-like floral envelope comprising a hypanthium (fused calyx and anciroecium), differentiat ing into four sepals and a diplostemonous androecium; separation of stamen bundles high up in hypanthiu m, at forma tion of sepals; exserted, extrorse anthers; anemo phiJous habit; secondary reticulum of pollen; complete absence of petals or petaloid scales; asymmetric devel opment of the style; superior, pseudomonomerous, uni locular ovary; asymmetric attachment of ovule at top of ovary; ventrally epitropous ovule; distincti ve obturator; bitegmic ovule with exotegmic palisade; fruit a I-seeded berry or an achene; seed with lignified, black exotegmen, Considering all the characters mentioned, Passerina is considered highly advanced in relation to other genera in Thymelaeoideae.
Systematic value
Family level
The exotegmic palisade and the distinctive obturator are regarded as family characters. They form the basis of Corner's (1976) Euphorbiales-Malvales-Thymelaeales Tiliales complex,
Subfamily level
The Thymelaeoideae is distinguished on the basis of the calyx tube (hypanthium in the present study ), diplostemous androecium and pseudomonomerous ovary (Domke 1934; Heinig 195 1) .
Tribal level
On the basis of the secondary reticulum, unique to the pollen of Passerina, raised the subtribe Passerininae to the tri be Passerineae.
Genus level
The present study indicates the exserted, extrorse anthers and the anemophilous habit as unique to Passe rina.
Species level
Characters usef ul at species level are summarized in Tables 7 and 8 .
CONCLUSIONS
The evidence on floral morphology not only con firmed the identity of 20 species and four subspecies, but also proved significant in the taxonomy of the genus. The status of the following taxa is confirmed by the present floral morphol ogical study : P. burcheLlii Thoday, P comosa C. H Wikstr., P rubra C. H.Wright, P. vulgaris , P sp. nov. I, P sp. nov. 2, P sp, nov. 3 and P. sp. nov. 4. For almost three centuries evidence from floral mor phology has been basic to plant taxonomy and applied at all hierachical levels, Our research on the flowe rs in Passerina has produced new morphological and anatomi cal evidence, especially as Heinig's classical study of floral morphology in Thymelaeaceae (1951) did not include Passerina. The present study has succeeded in resolving the floral morphology in Passerina, as many mistakes have been perpetuated by previous authors. W conclude that the flower in Passerina is a phy logenetically advanced structure and consider the genus advanced within the Thymelaeoideae. Possible taxonomic relation ships of the Thymelaeaceae with the Malvales are strong ly supported by the presentation of floral morphological, anatomical, embryological and palynological information to which this study has also contributed. FinalJy, all the above-mentioned evidence serves to form a firm taxo nomic basis for future comparative studies, especially in the expanding molecular field.
